Bioconversion of small molecules by cytochrome P450 species expressed in Escherichia coli.
P450 (cytochrome P450) enzymes catalyse the mono-oxygenation of a wide range of compounds such as steroids, fatty acids, vitamins and drugs. In the present paper we demonstrate a system for bioconverting diverse compounds [flavanone, DHEA (dehydroepiandrosterone) and 7-ethoxycoumarin] using P450 species expressed in Escherichia coli. First, we expressed four P450 species: rabbit CYP2B (P450 family 2, subfamily B), fruitfly (Drosophila) CYP317A, rat CYP3A23 and mouse CYP2J5. Next, we added substrates directly to the incubation medium. The resulting metabolites were extracted and analysed by HPLC and spectrofluorimetry. The first substrate, 7-ethoxycoumarin, was de-ethylated by CYP2B; CYP2J5 and CYP3A23 showed weak activity, and CYP317A had no activity for 7-ethoxycoumarin. We next used flavanone, a flavonoid, as a substrate for these four P450 species and other P450 species expressed previously. As a result, CYP2B, CYP2C43 and CYP2C29 catalysed flavanone 2-hydroxylation. CYP2A5 catalysed 2- and 4-hydroxylations. Finally, to produce diverse modified compounds, variants of CYP2A5 with point mutations were incubated with a steroid (DHEA) and an antioxidant (flavanone) in vivo. HPLC analysis indicated that two P450 species produced a 7-beta-hydroxy-DHEA and two P450 species produced a 2-alpha-hydroxy-DHEA. Four P450 species catalysed flavanone 2- and 4-hydroxylations. These results indicate that bioconversion by P450 is a useful technique to modify small molecules (steroids, coumarin and flavanone) and produce new, diverse hydroxylated compounds, which could be used for high-throughput screening for drug discovery.